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Background. Research suggests that subclinical psychotic experiences during adolescence represent the behavioral
expression of liability for psychosis. Little is known, however, about the longitudinal trajectory of liability in general
population samples.
Method. Growth mixture modeling was used to examine longitudinal trajectories of self-reported positive psychotic
experiences in the Youth Self Report (YSR), completed three times over a period of 6 years by a general population
cohort of adolescents aged 10–11 years at baseline (n=2230).
Results. Four groups with distinct developmental trajectories of low, decreasing, increasing and persistent levels of
mild positive psychotic experiences were revealed. The persistent trajectory was associated strongly with cannabis
use, childhood trauma, developmental problems and ethnic minority status, and consistently displayed strong
associations with factors known to predict transition from subclinical psychotic experience to clinical psychotic
disorder (severity of and secondary distress due to psychotic experiences, social and attentional problems and
aﬀective dysregulation) and also with high levels of parental-reported psychotic experiences and use of mental health
care at the end of the follow-up period. Progressively weaker associations were found for the increasing, decreasing
and low trajectories respectively.
Conclusions. The results suggest that the outcome of early developmental deviation associated with later expression
of psychotic experiences is contingent on the degree of later interaction with environmental risks inducing, ﬁrst,
persistence of psychotic experiences and, second, progression to onset of need for care and service use. Insight into
the longitudinal dynamics of risk states in representative samples may contribute to the development of targeted
early intervention in psychosis.
Received 21 August 2010 ; Revised 7 February 2011 ; Accepted 7 February 2011 ; First published online 11 April 2011
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Introduction
Meta-analyses of studies reporting rates of psychotic
symptoms and experiences in the general population
suggest the existence of an extended psychosis
phenotype (Linscott & van Os, 2010), representing
the behavioral expression of distributed genetic and
non-genetic risk for psychotic disorder (van Os et al.
2009). Although the data suggest a psychometric
‘continuum’, there is also evidence for an underlying
latent categorical, non-continuous structure of the
population (i.e. regardless of the presence of this
continuum, the population may still be composed of
several subgroups) (Kaymaz & van Os, 2010 ; Linscott
& van Os, 2010).
Psychosis proneness seems to be age related, peak-
ing in adolescence and decreasing after that period
(Verdoux et al. 1998; Peters et al. 1999). High rates of
subclinical psychotic experiences have been reported
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in both clinical (Altman et al. 1997 ; Yung et al. 2006)
and general population samples of adolescents
(McGorry et al. 1995 ; Wigman et al. 2009 ; Yung et al.
2009). Longitudinal studies in general population
samples, using follow-up intervals from 6 months to 8
years, have shown that, in most adolescents, psychotic
experiences disappear over time and do not persist
into adulthood (Dhossche et al. 2002 ; Hanssen et al.
2005 ; Wiles et al. 2006 ; Dominguez et al. 2011).
However, in a minority of adolescents, subclinical
psychotic experiences progress to clinical psychotic
illness. There is evidence from two birth cohorts
(Poulton et al. 2000 ; Welham et al. 2009), three general
population cohorts (Hanssen et al. 2005 ; Werbeloﬀ
et al. 2009 ; Dominguez et al. 2011) and other longi-
tudinal work (Chapman et al. 1994) that subclinical
psychotic experiences may precede the diagnosis of
psychotic disorder and hospital admission for schizo-
phrenia by many years. Suggested moderators in rep-
resentative population samples of risk for clinical
outcome are the severity of psychotic experiences
(Poulton et al. 2000; Hanssen et al. 2005 ; Welham et al.
2009), early social functioning (Werbeloﬀ et al. 2009),
the type of coping the person develops (Bak et al.
2003), the degree of persistence of psychotic experi-
ences over time (Dominguez et al. 2011), alterations in
development and cognitive ability (Dominguez et al.
2010), the degree of admixture with aﬀective dysregu-
lation (van Rossum et al. 2009), and distress associated
with experiences (Bak et al. 2005 ; Jacobs et al. 2005 ;
Garety et al. 2007). In other words, not just the pres-
ence of psychotic experiences per se, but rather the
psychopathological, developmental and psychological
context may moderate the likelihood of a clinical out-
come (Kaymaz & van Os, 2010).
Much uncertainty remains, however, about how
psychosis proneness develops over time in represen-
tative general population samples. A longitudinal de-
velopmental approach, modeling the trajectories of
experiences over time, in relation to the development
of health-care use, may oﬀer more insight in the
time course of psychosis phenotypes, and feed theory
on latent subgroups underlying the extended psy-
chosis phenotype (Linscott & van Os, 2010) and also
on possible high-risk approaches targeting these
groups (Ro¨ssler et al. 2007). For example, Mackie et al.
(2010) followed 409 adolescents, aged 14 years, with
elevated scores on one of four personality risk factors
(hopelessness, anxiety-sensitivity, impulsivity and
sensation seeking), for 2 years and distinguished three
trajectories of subclinical psychosis : a persistent, an
increasing and a low subgroup. Research is needed to
examine whether this approach can be extended to a
more representative general adolescent population
sample and a longer time-span.
The present study addressed two issues. First, the
development of subclinical positive psychotic experi-
ences over time in early adolescents from the general
population (10–16 years) was investigated by studying
growth curves of subclinical psychotic experiences
over time. Second, the resulting trajectories were ex-
amined for diﬀerences in (i) relation to need for care,
(ii) factors that the previous literature suggests predict
transition to clinical psychotic disorder (including
aﬀective dysregulation, social functioning, attention,
early development, distress, severity and persistence
of experiences), (iii) environmental risks associated
with clinical psychotic disorder such as urbanicity
(March et al. 2008), ethnic minority status (Cantor-
Graae & Selten, 2005), early trauma (Read et al. 2005),
adolescent cannabis use (Henquet et al. 2005) and (iv)




Adolescents were participants of the TRacking
Adolescents’ Individual Lives Survey (TRAILS), a
prospective cohort study among adolescents in the
general Dutch population. TRAILS investigates the
development of mental and somatic health from pre-
adolescence into adulthood. Three data collection
waves were completed : T1 (2001–2002), T2 (2003–
2004) and T3 (2005–2007). Detailed information on
sample and selection procedures can be found else-
where (de Winter et al. 2005 ; Huisman et al. 2008). At
T1, 2230 children participated (mean age 11.1 years,
S.D.=0.6, 51% girls). At T2, 96% of these participants
(n=2149, mean age 13.6 years, S.D.=0.5, 51% girls)
and at T3, 81% of the original number of participants
(n=1816, mean age 16.3 years, S.D.=0.7, 52% girls)
were reassessed. The mean number of months was
29.5 between T1 and T2 (S.D.=5.4, range 16.7–48.1) and
32.6 (S.D.=7.1, range 11.0–53.0) between T2 and T3.
Measures
The subscale ‘ thought problems’ of the Youth Self
Report (YSR; Achenbach, 1991a) and the Child
Behavior Checklist (CBCL; Achenbach, 1991b) was
used at all time points to assess early subclinical psy-
chotic experiences. These validated (Verhulst et al.
1997a, b) questionnaires have been developed to assess
multiple informant child psychopathology and ques-
tions are the same in both variants. Items can be rated
as not present (0), sometimes present (1) or very often
present (2) in the past 6 months. Although this sub-
scale is assumed to be tapping into subclinical
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psychotic experiences (Dhossche et al. 2002 ; Welham
et al. 2009), not all individual items may reﬂect psy-
chosis. Therefore, this self-report subscale was opti-
mized in a pre-study in an independent sample
(n=5422) of 12–16-year-old adolescents (ter Bogt et al.
2003). Three items on skin picking, storing up things
and sleeping less than other children were excluded
based on their low Spearman inter-item correlations
with the other items (all <0.140 in the total sample
and <0.100 in the subsample with minimally one
thought problems endorsement) (Streiner, 2003),
leaving the following nine items: taking one’s mind oﬀ
things (9), thinking about self-harm (18), hearing
things that others do not (40), twitching/nervous be-
havior (46), repeating certain behaviors (66), seeing
things that others do not (70), displaying behavior that
others ﬁnd strange (84), having ideas that others ﬁnd
strange (85) and sleeping problems (100). Mean inter-
item Spearman correlation was now 0.16–0.20 at all
time points and thus acceptable. Furthermore, three
(one for each measurement point) one-factor con-
ﬁrmatory factor analyses (CFAs) were carried out
to investigate whether these nine items together
would represent a single dimension. A one-factor
model ﬁtted the data well at T1 [x2(22)=102.08,
p<0.001, Comparative Fix Index (CFI)=0.966, Root
Mean Square Error of Approximation (RMSEA)=
0.040], T2 [x2(22)=159.82, p<0.001, CFI=0.926,
RMSEA=0.056] and T3 [x2(22)=111.58, p<0.001,
CFI=0.925, RMSEA=0.050]. Therefore, these nine
items were used for both self-report and parental
report of thought problems of the YSR and CBCL
respectively.
The mean of all items of three other subscales
[anxiety/depression (13 items), social problems
(11 items) and attention problems (nine items)] of the
YSR were also used (as proxies reﬂecting aﬀective
dysregulation, social functioning and cognitive func-
tioning respectively) ; these subscales showed accept-
able internal consistency [Cronbach’s a for all scales
on all waves ranged from 0.68 to 0.83, with the excep-
tion of social problems at T3 (a=0.64)].
The Community Assessment of Psychic Experi-
ences (CAPE) positive experiences subscale (20
self-reported items) was used to assess psychotic
experiences at T3 (Stefanis et al. 2002 ; Konings et al.
2006). The CAPE is based on the Peters et al. Delusions
Inventory (PDI ; Peters et al. 1999), modiﬁed to include
hallucinatory experiences. Each item in the CAPE
rates two aspects of psychotic experiences [(i) fre-
quency and (ii) associated distress], both rated on a
four-point scale of never/not distressed (1) to nearly
always/very distressed (4). The frequency and dis-
tress items together showed good internal consistency
(Cronbach’s a=0.93). The ﬁve subdimensions of this
positive scale [i.e. hallucinations (Cronbach’s a=0.82),
delusions (a=0.86), paranoia (a=0.79), grandiosity
(a=0.65) and paranormal beliefs (a=0.61)], identiﬁed
in earlier research and computed as the sum of all
frequency items of that speciﬁc subdimension
(Wigman et al. 2009), were used as ﬁve continuous
outcome measures. Youth health-care use was as-
sessed by parental report. At T1, questions were
phrased as (i) ‘Have you ever consulted (…) relating
to the emotional or behavioral problems of your
child? ’ and (ii) ‘What was the age of your child at ﬁrst
contact with this health care professional? ’ At T2 and
T3, health-care questions reﬂected the interval since
the last interview. Total health-care use was deﬁned as
the sum of all health-care consultations. Additionally,
total health-care use was subsequently split into
four categories (as recognized by the Dutch Care
Authority) : general care, specialized mental health
care, youth/social care and informal care (such as a
self-help group or religious counsellor). The pro-
portion of adolescents that consulted any of these
institutions was used in the analyses.
The occurrence of life events before the age of
11 years was calculated as the sum of moving, hospi-
talization, sickness or death (of self, family or friends),
parental divorce or being away from home for at least
3 months by parent report (all yes/no), plus a rating of
the number of negative events experienced between
(i) 0 and 5 years and (ii) 6 and 11 years by self-report
(scale 0–10). Trauma between 11 and 16 years was
based on T2 and T3 assessments and calculated as
the sum score of victim of violence, gossip, bullying
or sexual harassment during the past 2 years by self-
report (all yes/no) at T2 plus two ratings at T3: a
rating of the number of negative events children ex-
perienced in the past 2 years by self-report (scale 0–10)
and a rating of the stressfulness of the child’s life
by parent report (scale 0–10). Early development was
indexed as the sum of parental report to questions of
‘Did your child have problems with …’ eating, sleep-
ing or concentration during the toddler period and of
their child talking/walking late compared to other
children and experiencing (all yes/no).
Analysis
Analyses were conducted with Mplus 5.1 (Muthe´n &
Muthe´n, 1998–2007). First, the development of self-
reported thought problems over time (T1, T2 and T3)
was analysed by latent growth modeling (LGM). LGM
is a variant of structural equation modeling, in which
two latent growth factors are identiﬁed, representing
intercept (i.e. initial score) and slope (i.e. change in
score over time) (Duncan et al. 1999). Indicators were
set to load 1 on the intercept and to load 0 on slope at
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T1, to load 1 on slope at T2, and factor loading was
freely estimated at T3. Means and variances of inter-
cept and slope were estimated.
To evaluate the model, several ﬁt indices were used
(Brown, 2006). For good model ﬁt, x2 should be low;
the CFI should be >0.90 for an acceptable model ﬁt
and >0.95 for a good model ﬁt ; and the RMSEA
should be<0.08 for an acceptable model ﬁt and<0.05
for a good model ﬁt. Full information maximum
likelihood (FIML) estimation was used for model
estimation and, given that data were non-normally
distributed, a mean-adjusted x2 that is robust to non-
normality was calculated (Brown, 2006). Sub-
sequently, diﬀerent growth trajectories were assessed
within this general growth model by conducting a
latent class analysis (LCA), which identiﬁes a set
of mutually exclusive latent classes that account for
the distribution of cases occurring within a cross-
tabulation of observed variables (McCutcheon, 1987).
Thus, LCA was used here to ﬁnd the smallest number
of classes of individuals with similar developmental
trajectories of thought problems. The number of clas-
ses is decided based on several indices. A model with
n classes is chosen if the Akaike Information Criterion
(AIC) and the Bayesian Information Criterion (BIC)
are low(est), the entropy (H) is acceptable (>0.80) to
good (>0.90), and a model with one extra class is no
longer signiﬁcant according to the Lo–Mendell–Rubin
Likelihood Ratio Test (LMR-LRT) statistic. Factor
loadings and (residual) variances of intercept and
slope and their covariance were constrained to be
equal for all classes.
Construct validity of the trajectories representing
psychosis was assessed by testing for association
with the ﬁve subdimensions of the CAPE positive
symptom frequency dimension, usingMANOVAwith
trajectory membership as the ﬁxed factor and the
CAPE subdimension frequency scores as dependent
variables. Partial eta squared (gp
2 ) was reported as
an estimate of eﬀect size (with 0.01<gp2<0.06=small,
0.06< gp2 <0.14=medium and gp2>0.14=large eﬀect
size).
Second, thought problems developmental trajec-
tories were examined with respect to health-care use,
known predictors of clinical transition to psychotic
disorder, and known risk factors for clinical psychotic
disorder. Six MANOVAs were performed with trajec-
tory membership as a ﬁxed factor and mean levels of
(i) anxiety/depression, (ii) social problems, (iii) atten-
tional problems, (iv) parental report of thought
problems, (v) distress scores of the ﬁve CAPE sub-
dimensions and (vi) proportion of adolescents who
had consulted health-care institutions as dependent
variables. Using multinomial logistic regression, the
following known environmental risk factors for psy-
chotic disorder were examined in relation to the
diﬀerent developmental trajectories : ethnic minority
status (Dutch/non-Dutch, self-reported), urbanicity
(three levels of increasing urbanicity, deﬁned by
number of inhabitants), life events before 11 years and
trauma between 11 and 16 years (both in quintiles),
cannabis use before 16 years ever and the amount of
cannabis ever used (number of times cannabis was
used: never, sometimes and often).
Results
Model development
An unspeciﬁed growth model was found to describe
the data well (i.e. a model in which growth between
two adjacent time points is linear, but the overall
growth across time points cannot be described by one
simple straight line). In this model, the overall shape
of growth from T1 over T2 to T3 is allowed to be non-
linear by freely estimating the slope growth parameter
of T3 instead of ﬁxing its value in a linear way
(i.e. with the value 2). This model, depicted in Fig. 1,
showed good model ﬁt, with x2(1)=1.238, p=0.26, a






















Fig. 1. Visual representation of mean intercept and mean slope of the four trajectories : low, decreasing, increasing
and persistent levels of thought problems over time.
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General development of thought problems over time
The unstandardized mean intercept was 2.17 [95%
conﬁdence interval (CI) 2.07–2.27]. The maximum
score of the 12-item thought problems scale is 24,
with a clinical cut-oﬀ score positioned at a value of 5
(Achenbach, 1991a) (calculated for nine items, this
would be 9/12r5=3.75). The intercept, therefore, was
in the lower range of the scale and well below cut-oﬀ.
The mean slope was signiﬁcant (p<0.001) and nega-
tive (unstandardized mean slope of x0.41, 95% CI
x0.51 to x0.31), indicating that the reported number
of thought problems decreased signiﬁcantly, but
moderately, over time.
Diﬀerent developmental trajectories
Several subsequent LCAs were executed with increas-
ing numbers of classes (Table 1) to distinguish distinct
developmental trajectories. A model with four classes
described the data well because this model was
signiﬁcant and showed a good entropy value.
Furthermore, AIC and BIC decreased when increasing
the number of classes from three to four. Although
these values were even lower for a model with ﬁve
classes, this model was not signiﬁcantly better than a
model with four classes. Average class probabilities
were high (0.84–0.94), indicating that participants were
correctly assigned to their respective latent classes.
The four classes represented diﬀerent developmen-
tal trajectories (Fig. 1). The ﬁrst class with the largest
number of participants (n=1804, 82% of the sample)
was characterized by a low mean intercept (un-
standardized mean intercept=1.44, 95% CI 1.31–1.57)
and a shallow negative slope (unstandardized mean
slope x0.28, 95% CI x0.42 to x0.15), and labeled
the ‘ low’ group. The second class (n=204, 9%) was
characterized by a high intercept (unstandardized
mean intercept=6.69, 95% CI 6.07–7.30) and a steep
negative slope (unstandardized mean slope=x3.81,
95% CIx4.48 tox3.13), that is a decrease in thought
problems over time, described as the ‘decreasing’
group. The third class (n=163, 7%) was characterized
by an average intercept (unstandardized mean inter-
cept=2.2, 95% CI 1.81–2.62) and a steep positive
slope (unstandardized mean slope=2.24, 95% CI
1.66–2.83), that is an increase in thought problems
over time, and was labeled the ‘ increasing’ group. The
fourth class (n=41, 2%) was a characterized by a high
intercept (unstandardized mean intercept=6.28, 95%
CI 4.94–7.82) and a signiﬁcant positive slope (un-
standardized mean slope=1.64, 95% CI 0.10–3.18).
This group was called the ‘persistent group’.
Males and females were not equally distributed
over the four classes [x2(3)=0.004, p<0.001]. In the
low and decreasing groups, 49% and 51% respectively
were girls. In the increasing and persistent groups,
66% and 68% respectively were girls.
Associations with the CAPE frequency and
distress scores
Class membership was strongly associated with T3
frequency scores of hallucinations [F(3, 1633)=79.34,
p<0.001, gp2=0.13], delusions [F(3, 1633)=49.59,
p<0.001, gp2=0.08], paranoia [F(3, 1633)=74.95,
p<0.001, gp2=0.12], grandiosity [F(3, 1633)=19.37,
p<0.001, gp2=0.03], and paranormal beliefs
[F(3, 1633)=31.36, p<0.001, gp2=0.05]. A dose–
response pattern was found; the persistent group
scored highest, followed respectively by the increasing
group, the decreasing group and the low group on all
subdimensions.
CAPE distress associated with psychotic experi-
ences was only assessed in participants who reported
any psychotic experiences. Of those participants,
15% of the low group had experienced any level
of associated distress. In the decreasing group the
corresponding value was 23%, whereas in the in-
creasing and persistent groups the proportions were
45% and 51% respectively. Class membership was
signiﬁcantly associated with the distress scores of
hallucinations [F(3, 416)=22.27, p<0.001, gp2=0.14],
delusions [F(3, 416)=23.06, p<0.001, gp2=0.14], para-
noia [F(3, 416)=35.13, p<0.001, gp2=0.20], grandiosity
[F(3, 416)=15.75, p<0.001, gp2=0.10], and paranormal
beliefs [F(3, 416)=6.35, p=0.001, gp2=0.04]. Again, a
dose–response pattern was found (Table 2).
Associations with use of health care
The four trajectories did not diﬀer in mean age of ﬁrst
contact with total health care [F(3, 887)=1.12, p=0.34],
use of total mental health care or any of the four
Table 1. Criteria for deciding the number of classes within the
repeated measures of thought problems
No. of





2 0.902 23 760 23 822 494.245 0.0220
3 0.862 23 406 23 486 344.399 0.0371
4 0.859 23 279 23 370 140.363 0.0201
5 0.820 23 217 23 325 90.391 0.4202
H, Entropy measure, which can vary between 0 and 1, with
higher values indicating clearer discrimination of classes ;
AIC, Akaike’s Information Criterion ; BIC, Bayesian
Information Criterion ; LMR-LRT, Lo–Mendell–Rubin
Likelihood Ratio Test.
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subcategories of care, except for mental health care at
T3 [F(3, 187)=2.80, p=0.041] ; here the persistent
group reported signiﬁcantly more use of mental health
care than the other groups. Furthermore, non-signiﬁ-
cant consistent trends were seen; the persistent group
consistently reported the highest level of use of care,
followed by the increasing group, the decreasing
group and the low group.
Associations with factors associated with
transition to clinical psychotic disorder
The four trajectory groups diﬀered in mean level
of anxiety/depression at T1 [F(3, 1617)=101.63,
p<0.001], T2 [F(3, 1617)=82.02, p<0.001), and T3
(F(3, 1617)=122.49, p<0.001]. Similarly, they diﬀered
in mean level of social problems at T1
[F(3, 1617)=84.83, p<0.001], T2 [F(3, 1617)=75.35,
p<0.001] and T3 [F(3, 1617)=92.47, p<0.00], and also
in mean level of attentional problems at T1
[F(3, 1617)=71.41, p<0.001], T2 [F(3, 1617)=67.94,
p<0.001] and T3 [F(3, 1617)=73.63, p<0.001]
(Table 3). The comparison of post-hoc contrasts
showed that the trajectory groups diﬀered from each
other at all time points, with the persistent group
consistently showing the highest scores on all dimen-
sions by T3.
Table 2. Associations between membership of the four groups
(low, decreasing, increasing and persistent thought problems) and
CAPE frequency and distress scores, for each subdimension and
group
Frequency score Distress score
Mean S.D. Mean S.D.
Hallucinations
Low group 3.13a 0.48 3.58a 1.03
Decreasing group 3.25a 0.64 3.68a 1.09
Increasing group 3.71b 1.17 4.41b 1.43
Persistent group 4.52c 1.53 5.33c 1.77
Delusions
Low group 8.96a 1.42 10.39a 3.17
Decreasing group 9.48b 1.80 11.34a 3.21
Increasing group 10.35c 2.67 12.96b 3.60
Persistent group 11.28d 2.52 15.14c 3.41
Paranoia
Low group 7.34a 1.56 8.15a 2.37
Decreasing group 7.99b 1.71 8.60a 2.38
Increasing group 9.04c 1.84 10.48b 2.15
Persistent group 10.17d 2.04 12.24c 2.36
Grandiosity
Low group 2.60a 0.92 2.58a 0.94
Decreasing group 2.94b 1.25 2.68a,b 1.02
Increasing group 3.05b 1.34 3.10b 1.12
Persistent group 3.55b 1.74 2.95c 1.60
Paranormal beliefs
Low group 2.80a 1.16 2.53a 0.91
Decreasing group 3.10b 1.41 2.70a,b 1.04
Increasing group 2.52c 1.59 2.97b 1.08
Persistent group 4.52d 2.11 3.19b 1.21
CAPE, Community Assessment of Psychic Experiences ;
S.D., standard deviation.
Diﬀerent superscript letters refer to signiﬁcant diﬀerences
(p<0.05) of mean scores between groups within subdimen-
sions ; if two subdimension scores are labelled with the same
letter, the scores of this subdimension do not diﬀer between
these two groups. If two scores are labelled with diﬀerent
letters, these scores diﬀer.
Table 3. YSR subscale scores of anxiety/depression, social
problems, attentional problems and parental report of CBCL
thought problems of the four groups (low, decreasing, increasing
and persistent thought problems) at T1, T2 and T3
T1 T2 T3
Anxiety/depression
Low group 0.28 (0.24)a 0.28 (0.30)a 0.24 (0.25)a
Decreasing 0.62 (0.33)b 0.46 (0.32)b 0.35 (0.25)b
Increasing 0.38 (0.26)c 0.49 (0.31)b 0.56 (0.35)c
Persistent 0.65 (0.25)b 0.89 (0.45)c 0.95 (0.42)d
Total 0.33 (0.27) 0.32 (0.30) 0.29 (0.29)
Social problems
Low group 0.33 (0.27)a 0.27 (0.22)a 0.23 (0.19)a
Decreasing 0.63 (0.29)b 0.44 (0.26)b 0.33 (0.21)b
Increasing 0.45 (0.30)c 0.45 (0.27)b 0.44 (0.24)c
Persistent 0.63 (0.23)b 0.72 (0.36)c 0.68 (0.35)d
Total 0.37 (0.27) 0.31 (0.25) 0.27 (0.22)
Attentional problems
Low group 0.44 (0.28)a 0.51 (0.31)a 0.54 (0.32)a
Decreasing 0.76 (0.29)b 0.71 (0.31)b 0.72 (0.33)b
Increasing 0.54 (0.28)c 0.77 (0.31)b 0.85 (0.32)c
Persistent 0.79 (0.29)b 1.08 (0.35)c 1.09 (0.37)d
Total 0.49 (0.30) 0.56 (0.33) 0.59 (0.33)
Parental report of
thought problems
Low group 0.86 (1.43)a 0.52 (1.05)a 0.41 (0.90)a
Decreasing 1.23 (1.99)a,b 0.90 (1.58)b 0.68 (1.30)a
Increasing 1.19 (1.67)a,b 1.21 (1.73)b 1.36 (2.28)b
Persistent 2.07 (2.12)b 1.20 (1.21)b 1.80 (2.21)b
Total 0.93 (1.43) 0.62 (1.19) 0.52 (1.14)
YSR, Youth Self Report ; CBCL, Child Behavior Checklist.
Values given as mean item score (standard deviation) for
YSR and mean sum score (standard deviation) for CBCL.
Diﬀerent superscript letters refer to signiﬁcant
diﬀerences (p<0.05) of mean scores between groups
within subdimensions ; if two subdimension scores are
labelled with the same letter, the scores of this
subdimension do not diﬀer between these two groups. If
two scores are labelled with diﬀerent letters, these scores
diﬀer.
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Parental report
The four trajectories diﬀered in mean level of thought
problems reported by parents at T1 [F(3, 1113)=6.19,
p<0.001], T2 [F(3, 1113)=11.86, p<0.001] and T3
[F(3, 1113)=24.66, p<0.001]. Parents of the persistent
group reported the highest levels of thought problems
in their oﬀspring at all measurements, followed by the
increasing group, the decreasing group and the low
group (Table 3).
Known risk factors for psychotic disorder
Persistent group membership was associated signiﬁ-
cantly with ethnic minority group status (Table 4).
Urbanicity was not consistently associated with be-
longing to the four groups, although a non-signiﬁcant
trend was seen. Cannabis use before age 16 signiﬁ-
cantly predicted decreasing or increasing group
membership, but not persistent group membership.
The amount of cannabis ever used predicted, in a
dose–response fashion, increasing or persistent levels
of thought problems over time. Developmental prob-
lems, life events before age 16 years and exposure to
trauma between ages 11 and 16 years all signiﬁcantly
predicted decreasing, increasing or persistent group
membership in a dose–response fashion.
Discussion
The present study is, to our knowledge, the ﬁrst to
investigate developmental trajectories of mild positive
psychotic experiences in a large, representative gen-
eral population sample of adolescents, followed from
age 10 to age 16 years. Four distinct developmental
trajectories of thought problems over time were dis-
tinguished, labeled low, decreasing, increasing and
persistent groups. The results suggest that both the
increasing and particularly the persistent group rep-
resent the most important developmental patterns
from a clinical and high-risk perspective, as these tra-
jectories display persistent expression of subclinical
psychosis, have the strongest associations with factors
known to predict transition to clinical psychotic dis-
order, including the highest levels of severity of dis-
tress and secondary distress associated with psychotic
experiences, the highest level of social problems, in-
creasing levels of attentional problems and aﬀective
dysregulation, and a pattern of association with
environmental risks that predict onset of clinical
psychotic disorder. Furthermore, parental report of
thought problems in the adolescents was consistently
highest for these two groups, indicating higher levels
of observable psychotic experiences and supporting
the validity of the self-report measure of psychotic
experiences. Of these two groups, the persistent group
seems to be the most relevant from a high-risk per-
spective. Although few signiﬁcant diﬀerences were
found for use of health care, the persistent group dis-
played a clear trend of using more health care, and in
fact used more mental health care at the end of the
follow-up period. A trend towards dose–response was
found for almost all measurements of psychopath-
ology, the persistent group scoring highest, followed
by, in order of decreasing strength of association, the
increasing, the decreasing and the low groups.
Expression of psychotic experiences
over time is dynamic
Earlier studies have suggested that cross-sectional
measurements of subclinical psychotic experiences
may not be useful as a speciﬁc risk factor for later
clinical psychotic outcomes (Correll et al. 2005), in part
because they are so common (Yung et al. 2009). Fur-
thermore, results are inconsistent with regard to whe-
ther psychotic experiences have a speciﬁc (Poulton
et al. 2000) or a more general (Dhossche et al. 2002)
predictive value for later psychopathology. The cur-
rent results, in agreement with the ﬁndings of Mackie
et al. (2010), suggest that, for the purpose of creating
subgroups enriched in risk, a focus on dynamic
trajectories of psychotic experiences over time may be
more useful than creating categories based on cross-
sectional information. Both genetic and environmental
eﬀects on psychiatric phenotypes are developmentally
dynamic during the adolescent phase, with evidence
for both innovation (new eﬀects ‘coming on line ’) and
attenuation (reduction in the inﬂuence of eﬀects over
time) (Kendler et al. 2008). Indeed, evidence suggests
that the expression of subclinical psychotic experi-
ences peaks during adolescence/young adulthood
and then declines over the life course (Verdoux et al.
1998). The current study conﬁrmed this pattern for the
adolescent life phase by demonstrating that, for the
majority of the adolescent population, the rate of psy-
chotic experiences decreased over time. A small group
of adolescents, however, showed a contrasting pattern
of an increase or a persistence in their level of psy-
chotic experiences over time. The persistent group
may represent individuals on a neurodevelopmental
pathway to psychosis (Murray & Lewis, 1987 ; Wein-
berger, 1987), because these participants consistently
reported high levels of thought problems and other
pathology post-baseline, whereas the increasing group
may represent an aﬀective pathway to psychosis,
thought to be more reactive to environmental risk
factors (Myin-Germeys & van Os, 2007). The existence
of both an increasing and a decreasing group further
illustrates the dynamics of subclinical psychosis in
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Dutch 1928 (86) 1581 (88) 170 (83) 135 (83) 28 (68) a a a
Non-Dutch 302 (14) 223 (12) 34 (17) 28 (17) 13 (32) 1.41 (0.96–2.10) 1.47 (0.96–2.26) 3.29 (1.68–6.45)***
Urbanicity
Level 1 (lowest) 220 (10) 186 (10) 12 (6) 14 (8) 4 (10) a a a
Level 2 619 (28) 491 (27) 71 (34) 44 (27) 11 (27) 3.65 (1.54–8.66)** 0.91 (0.44–1.89) 1.80 (0.21–15.52)
Level 3 (highest) 1391 (62) 1127 (63) 121 (60) 105 (65) 26 (63) 2.24 (0.96–5.26) 1.07 (0.55–2.08) 3.37 (0.45–25.31)
OR linear trend 0.99 (0.77–1.28) 1.08 (0.80–1.46) 1.88 (0.89–3.99)
Cannabis use before age 16
Never 1160 (70) 957 (72) 99 (63) 75 (56) 18 (62) a a a
Ever 490 (30) 373 (28) 59 (37) 58 (44) 11 (38) 1.53 (1.09–2.16)* 1.98 (1.38–2.85)*** 1.57 (0.73–3.35)
Frequency of use cannabis ever
Never 1160 (70) 962 (76) 104 (69) 78 (63) 16 (57) a a a
Sometimes 321 (20) 239 (19) 35 (23) 38 (30) 9 (32) 1.35(0.90–2.04) 1.96 (1.30–2.96)*** 2.26 (0.99–5.19)
Often 93 (6) 69 (5) 12 (8) 9 (7) 3 (11) 1.61 (0.84–3.07) 1.61 (0.77–3.34) 2.61 (0.74–9.19)
OR linear trend 1.30 (0.99–1.71) 1.49 (1.13–1.98)** 1.80 (1.06–3.05)*
Developmental problems
Level 1 (lowest) 812 (37) 694 (39) 61 (30) 45 (29) 7 (18) a a a
Level 2 and 3 543 (25) 444 (25) 41 (20) 44 (28) 10 (25) 1.05 (0.69–1.59) 1.53 (0.99–2.35) 2.23 (0.84–5.91)
Level 4 588 (27) 458 (26) 70 (34) 39 (25) 16 (40) 1.74 (1.21–2.50)** 1.31 (0.84–2.05) 3.46 (1.41–8.48)**
Level 5 (highest) 244 (11) 173 (10) 32 (16) 29 (18) 7 (17) 2.10 (1.33–3.33)*** 2.59 (1.58–4.24)*** 4.01 (1.39–11.59)**
OR linear trend 1.22 (1.10–1.34)*** 1.17 (1.05–1.30)** 1.38 (1.12–1.70)***
Life events before age 11
Level 1 (lowest) 620 (28) 545 (30) 26 (13) 35 (22) 6 (15) a a a
Level 2 420 (19) 357 (20) 35 (17) 22 (14) 2 (5) 2.06 (1.22–3.47)** 0.96 (0.55–1.66) 0.51 (0.10–2.53)
Level 3 339 (15) 278 (16) 35 (17) 22 (14) 4 (7) 2.64 (1.56–4.47)*** 1.23 (0.71–2.14) 0.98 (0.24–3.94)
Level 4 413 (19) 319 (18) 46 (23) 38 (24) 9 (22) 3.02 (1.83–4.99)*** 1.86 (1.14–3.00)* 2.56 (0.90–7.27)
Level 5 (highest) 426 (19) 297 (16) 62 (30) 44 (26) 21 (51) 4.38 (2.71–7.07)*** 2.31 (1.45–3.68)*** 6.42 (2.56–16.09)***










adolescence and suggests that protective factors may
operate in addition to those that increase risk.
Persistence of psychotic experiences
Recent studies indicate that environmental risk factors
may cause persistence of subclinical psychotic experi-
ences in some individuals (Cougnard et al. 2007),
and that greater levels of persistence in turn predict
greater risk of transition to clinical psychotic disorder
(Dominguez et al. 2011). Persistence of psychotic ex-
periences may be related to an underlying process
of dopamine sensitization, associated with repeated
exposure to environmental risk factors acting on a ﬁ-
nal common pathway (Boileau, et al. 2006 ; Collip et al.
2008 ; van Winkel et al. 2008). Only the persistent de-
velopmental trajectory was consistently associated
with many factors that predict or are associated with
transition to clinical psychosis. Given that the de-
creasing and the increasing trajectories were similarly
but less strongly associated with developmental
problems and stressful/traumatic events, the results
suggest that early developmental vulnerability asso-
ciated with later psychotic disorder may only become
expressed in combination with additional exposure to
multiple environmental risks, giving rise to persist-
ence of psychotic experiences, followed by onset of
need for care and health-care use, in agreement with
evidence from other longitudinal work in representa-
tive population samples (Cougnard et al. 2007 ;
Dominguez et al. 2010, 2011).
The ﬁnding that parental report of thought prob-
lems in adolescents was lower than adolescent self-
report is in line with earlier work (Laurens et al. 2007).
In addition, earlier studies have found that parental
reports, in particular, of persisting symptoms are pre-
dictive of later psychotic pathology (Scott et al. 2009 ;
Welham et al. 2009), in line with the current ﬁnding
that the groups most at risk more often were described
by their parents as having persistent psychotic
experiences.
Environmental risk factors and their interactions
with early developmental vulnerability may thus rep-
resent a useful focus for early intervention and pre-
vention, because these determine the probability of a
persisting and even deteriorating trajectory over time.
Deﬁnition of risk based on cross-sectional information
may be less suitable, given the risk of stigma and la-
beling (van Zelst, 2009) on the basis of a state that most
probably represents a transitory experience over time
and shows dynamic patterns. While acknowledging
the risk of stigma and labeling, the data nevertheless
support the idea of following children with (psychotic)
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broader range of psychopathology, in addition to the
possibility of targeting interventions based on certain
environmental exposures (Bak et al. 2003). The per-
sistent group, considered at highest risk for clinical
outcome, may represent the target group for early in-
tervention ; the increasing group, considered at high
risk for psychosis, may represent the target group for
prevention.
Methodological issues
The results should be interpreted in the context
of the strengths and limitations of this study. The
major strength is that, to our knowledge, this is the
ﬁrst study that assesses the longitudinal development
of individual experiences over time with growth
modeling in a large, representative adolescent
general population sample, and addressing multiple
domains of psychopathology and also clinically rel-
evant measures. Given that the more pathological
groups were small, they would have been over-
looked when analyzed at the level of the group as a
whole.
The most important limitation is that the study only
covered the age range of 10–16 years and did not cover
the full critical age for psychosis and transition to
psychotic disorder, nor did it use clinical interview
to assess transition to formally deﬁned psychotic
disorder. Another important issue is that the thought
problems subscale measures a broader range of
psychopathology and does not speciﬁcally target psy-
chotic symptoms. However, the trajectories can be as-
sumed to represent subclinical psychotic experiences,
as suggested by associations with the CAPE frequency
scores, a validated instrument for the assessment of
psychotic experiences (Konings et al. 2006). The largest
diﬀerences in CAPE scores between the trajectories
can be found in the dimensions of hallucinations, de-
lusions and paranoia, which previous work suggests
are the dimensions with the greatest potential clinical
impact (Wigman et al. 2009). Furthermore, gp
2 was
high, particularly for these subdimensions, suggesting
that the variance in these (psychotic) dimensions can
be explained largely by development of thought
problems. Further validation comes from the fact that
membership of the decreasing, the increasing and
particularly the persistent group was associated with
several known risk factors for psychotic disorder and
symptoms. Another limitation is that only anxious/
depressed, and not manic or negative, symptoms were
assessed. Social problems and attentional problems
were chosen as representing respectively develop-
mental social and neurocognitive measures ; however,
these measures are imprecise and an approximation
at best. The choice for the attentional problems scale
of the YSR as representing attentional dysfunction
follows earlier research (Welham et al. 2010) ; we
extended this approach by selecting the social
problems scale as representing developmental social
functioning. Although measures of health-care use
were available as an indicator of clinical outcome,
the exact reason for consulting health-care institutions
was not known. Distinguishing several subgroups in
a sample with LCA should not be seen directly as
an indicator that the population consists of several
subgroups (Bauer & Curan, 2003). More research is
needed, to investigate whether these subgroups truly
represent the class-like heterogeneity in the popu-
lation they suggest. The ﬁnding that the present four
trajectories are diﬀerentially related to several known
risk factors for psychosis and other measures of
psychopathology may be considered a valid starting
point ; more research is needed, however, to expand
these ﬁndings to other risk factors, both en-
vironmentally and genetically. Finally, measures of
psychopathology in the present study were based
entirely on self-report questionnaires. Self-report will
lead inevitably to less accurate information, although
previous studies have shown that both self-report and
clinical interviews represent a reliable method to as-
sess mild psychotic experiences (Allardyce et al. 2007 ;
Kelleher et al. 2009). Further research may extend
the present study by investigating dynamic patterns
of expression of psychotic experiences in a psycho-
metrically more rigorous manner and by investigating
which risk and protective factors play a role in
the longitudinal development of psychotic experi-
ences.
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